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(g) On-column pre-concentration of samples in capillary electrophoresis. 

@ A electrophoresis column (10) having on-column means (12,14) and a method for concentrating 
analytes of interest in a sample prior to electrophoresis. The column comprises a section (12) having the 
concentrating means (14) upstream of a capillary section (10). A sample is flowed past the concentrating 
means which immobilizes the analytes of interest thereby concentrating the analytes of interest in the 
section. Thereafter the analytes are released from the concentrating means for carrying electrophoresis. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present relates invention relates to capillary 
electrophoresis and more particularly to sample,pre- 
paration for electrophoresis. 

2. Description of Related Art 

Capillary electrophoresis is a high resolution, 
high sensitivity method for preparation and detection 
of organic analytes in mixtures. Typically, the sample 
mixture is introduced into one end of a capillary tube 
filled with buffer solution, polyacrylamide gel, or other 
types of separation support medium. A high voltage 
potential is applied across the ends of the capillary 
tube to cause separation of the sample mixture into 
various species of analytes. Analytes of the same 
species are resolved into bands as separation takes 
place. A detector detects the presence of the bands. 

One of the limitations of prior art capillary 
electrophoresis processes is the extremely small 
amount of sample which can be used without degrad- 
ing the resolution of the separated bands. When a 
large amount of sample is used, the bands are 
broader and the spacings between bands are nar- 
rower. Portions of adjacent bands may overlap. It 
would be difficult for the detector to resolve two over- 
lapped bands. Thus, the volume of sample used is 
typically in the order of several nanoliters. However, 
when a small volume of sample is employed, and the 
analytes of interest are present in low concentration 
in the small volume, the volumes of the analytes of 
interest are so small that it represents a major limi- 
tation on the delegability of the analytes. 

SUMMARY OF THE INVENTION 

The present invention is directed to the prepa- 
ration of a sample for electrophoresis by selectively 
raising the concentration of the species of analytes of 
interest prior to performing electrophoresis. This is 
done on-line with respect to the capillary tube. At the 
inlet end of the capillary tube, there is a short section 
which contains an active material which will selec- 
tively retain in a localized region the analytes of inter- 
est from a flow of sample. The analytes accumulated 
on the material are thereafter released from the ma- 
terial to begin electrophoresis. Effectively, a higher 
concentration of the species of analytes of interest are 
present in the remaining sample which is subject to 
electrophoresis. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

The following description is of the best presently 



contemplated mode of carrying outthe invention. This 
description is made for the purpose of illustrating the 
general principles of the invention and should not be 
taken in a limiting sense. The scope of the invention 
5 is best determined by reference to the appended 
claims. 

Referring to Fig. 1, the modification of a capillary 
tube for concentration of analytes is shown in accord- 
ance with one embodiment of the present invention. 

10 At the inlet end of the capillary tube 10, there is a sec- 
tion 12 which contains an active material 1 4 which will 
selectively immobilize or retain the analytes of interest 
in the section 12 when a sample solution containing 
the analytes flow past the material 14. The analytes 

15 of interest are accumulated or trapped at this section 
while the rest of the sample flows downstream of the 
capillary tube 1 0. The material 14 is chosen of the type 
that retains the species of analytes of interest by one 
of a number of possible mechanisms, e.g. adsorption, 

20 partition, ion exchange, antibody/antigen, or other 
reversible linkage mechanisms. For example, ion 
exchange resin can be used to immobilize proteins. 
The material 14 may be in particle form suitably held 
in the section 1 2 as by using porous structures 1 7 and 

25 18. The section 12 may be a part of the capillary tube 
10, or a separate structure coupled to the capillary 
tube 10. Depending on the application, the section 12 
may be larger than or the same size as the inner 
diameter of the capillary tube 10. It may be advan- 

30 tageous thatthe section 12 have a larger innerdiame- 
ter than that of the capillary tube 10 if it contains a 
particulate material. Specifically, the inner diameter of 
the section 12 is chosen such that the effective flow 
cross-sectional area is roughly constant throughout 

35 the section 12 and the capillary tube 10 thereby main- 
taining a constant flow velocity throughout the struc- 
ture. 

Loading 

40 

To carry out electrophoresis, the section 12 of the 
capillary tube 10 is first filled with buffer and immersed 
in a container 20 of sample solution 22. The sample 
solution 22 is injected into the section 12 by pressuri- 

45 zing the sample container 20 or by suction at the 
open-end 24 of the capillary tube 1 0. A relatively large 
volume of sample solution 22 can be introduced, 
whereupon the analytes of interest would be retained 
by the material 14 in the section 12. Since back press- 

so ure will be variable, it will be necessary to optimize 
loading time for a particular material 14. In order to 
maintain a uniform electric field during electrophoresis, 
it is important to remove non-adsorbed sample :from 
the system. This is accomplished with a low concen- 

55 tration buffer solution to wash the residual sample sol- 
ution out of the capillary tube 1 0 prior to mobilizing the 
analytes. This wash buffer solution should not have 
the ability to remove the analytes 35 of interest from 
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the material. In addition, in order to maintain plug flow 
and high resolution it will be necessary to back wash 
the column up to the section 12 with run buffer prior 
to initiating mobilization and separation. 

Mobilization 



trated embodiments but only by the scope of the 
appended claims. 

5 Claims 

1. A column for capillary electrophoresis compris- 
ing: 

a first section (10) defining a capillary reg- 
10 ion for electrophoretic separation; and 

a second section (12) defining a region 
upstream of the first section having means (14) 
for concentrating analytes of interest in a sample 
(22) to be electrophoretically separated. 

15 

2. Acolumn as in claim 1 wherein the means for con- 
centrating comprises means for accumulating the 
analytes of interest in the second section as the 
sample flow past the section. 

20 

3. A column as in claim 2 wherein the means for 
accumulating comprises an active material which 
will selectively immobilize the analytes of interest 
in the second section by reversible linkage with 

25 the analytes so that the analytes can be mobilized 
from the material at a later time. 



When sufficient analytes have accumulated in the 
section 12, the sample container 20 is replaced by a 
container 26 of buffer solution 28. The end 24 of the 
capillary tube 10 is immersed in another container 30 
of buffer solution. Electrodes 32 and 34 are placed in 
the buffer solution containers 26 and 30. A high volt- 
age source 36 is used to apply a voltage potential 
across the electrodes 32 and 34. The analytes 35 
accumulated on the material 14 would be released by 
the application of low pressure and/or voltage. Alter- 
natively, the electroosmotic flow generated in the sys- 
tem, and/or a change in pH or other chemical property 
of the buffer solution 28 may also release the analytes 
on the material 14. Any one of these mechanisms may 
be relied upon to reverse the analyte immobilization 
mechanism of the material 14. The section 1 2 may be 
separated from the tube 10 after the analytes 35 have 
been released from the material 14. The released 
analytes 35 undergo electrophoresis under the 
applied voltage. 

Resolution 

Since a lesser number of analytes 35 are present 
in the remaining sample that undergo electrophoresis, 
there are less separated bands. Itfollows that it is less 
likely to result in overlap of adjacent bands. Thus, it 
can be appreciated that the process according to the 
present invention can be carried out starting with a 
large volume of sample solution without degrading the 
resolution of the results. The ability to work with a 
large volume of sample solution is advantageous in 
several respects. For example, the handling of small 
volumes is undesirable since it involves delicate pro- 
cedures which are vulnerable to losses and contami- 
nation. The ability to perform on-line (with respect to 
the capillary tube) preconcentration of the compo- 
nents of interest also has several advantages. Not- 
ably, a significant advantage is that the small volume 
of concentrated sample components can be transfer- 
red directly to the capillary tube for electrophoretic 
separation without being handled by a separate trans- 
fer means, which would otherwise subject the small 
volumes to losses and contaminations. 

While the invention has been described with res- 
pect to the preferred embodiments in accordance 
therewith, it will be apparent to those skilled in the art 
that various modifications and improvements may be 
made without departing from the scope and spirit of 
the invention. Accordingly, it is to be understood that 
the invention is not to be limited by the specific illus- 



4. A column as in claim 3 wherein the active material 
possesses reversible linkage capability by one of 

30 adsorption, partition, ion exchange or antibody- 
antigen mechanisms. 

5. A column as in claim 4 wherein the second sec- 
tion is coupled to the first section. 

35 

6. A column as in claim 4 wherein the second sec- 
tion is integral to the first section. 

7. A column as in claim 4 wherein the material is in 
40 particulate form. 

8. A column as in claim 7 wherein the first section 
has a first inner diameter, the second section has 
a second inner diameter, wherein the second 

45 inner diameter is larger than the first inner diame- 
ter such that the flow cross-sectional area in the 
second section is substantially the same as that 
of the first section. 

50 9. A capillary electrophoresis device comprising: 

a separation column having means (14) for 
concentrating analytes of interest in a sample 
(22) to be electrophoretically separated; and 
means (20) for introducing the sample into 
55 the second section prior to electrophoresis. 

1 0. A device as in claim 9 wherein the separation col- 
umn comprises; 
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a first section (10) defining a capillary reg- 
ion for electrophoresis separation; and 

a second section (12) defining a region 
upstream of the first section having the means for 
concentrating. 

11. Adevice as inclaim 10 further comprising means 
(28, 32, 34, 36) for applying a voltage across the 
first section to cause electrophoresis separation 
of the concentrated analytes. 

12. A device as in claim 10 wherein the means for 
concentrating comprises means for accumulating 
the analytes of interest in the second section as 
the sample flow past the second section thereby 
concentrating the analytes of interest. 

13. Adevice as in claim 12 further comprising means 
for releasing the analytes of interest from the sec- 
ond section. 

14. A device as in claim 12 wherein the means for 
accumulating comprises an active material which 
wilt selectively immobilize the analytes of interest 
in the second section by reversible linkage with 
the analytes so that the analytes can be mobilized 
from the material at a later time. 

15. A device as in claim 14 wherein the active ma- 
terial possesses reversible linkage capability by 
one of adsorption, partition, ion exchange or anti- 
body-antigen mechanisms. 

16. A device as in claim 15 wherein the second sec- 
tion is coupled to the first section. 

17. A device as in claim 15 wherein the second sec- 
tion is integral to the first section. 

18. A device as in claim 15 wherein the material is in 
particulate form. 

19. A device as in claim 15 wherein the first section 
has a first inner diameter, the second section has 
a second inner diameter, wherein the second 
inner diameter is larger than the first inner diame- 
ter such that the flow cross-sectional area in the 
second section is substantially the same as that 
of the first section. 

20. A method of preparing a sample for 
electrophoresis in a capillary column comprising 
the steps of: 

providing on-column means (12, 14) for 
concentrating analytes of interest in a sample 
prior to electrophoresis; 

passing the sample through the on-co!umn 
means; and 



immobilizing the analytes of interest with the on- 
column means as the sample flows by, thereby 
concentrating the analytes of interest in the on- 
column means. 

5 

21. A method as in claim 20 wherein the on-column 
means comprises means (14) for immobilizing 
the analytes of interest as the sample flow past 
the on-column means. 

10 

22. A method of capillary electrophoresis comprising 
the steps of: 

providing a capillary column (10), 
providing on-column means (12, 14) for 
15 concentrating analytes of interest in a sample; 

passing the sample through the on-column 
means; 

immobilizing the analytes of interest with 
the on-column mpans as the sample flows by, 
20 thereby concentrating the analytes of interest in 
the on-column means; 

mobilizing the concentrated analytes of 
interest with respect to the on-column means; and 
perfomiing electrophoresis on the mobi- 
25 lized analytes. 
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FIG. 1 
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